Background: The power profile of multifocal contact lenses has been demonstrated to report important information that could be used during the fitting process. The aim of this work is to describe the power profile of a recent set of gas permeable multifocal contact lenses as a function of the pupil radius. Methods: The measured multifocal contact lenses have a centre-distance design, and are available with five distance-vision diameters (XS, S, M, L and XL) and two different additions: Type A (up to +2.00 D) and Type B (up to +2.50 D). The optical device NIMO TR1504 (Lambda-X, Nivelles, Belgium) was used to obtain the power profile measurements. The optical lens power distribution as a function of the aperture radius was described in terms of radial computed colour maps, radial averaged power profiles, addition, and lens portion used for near vision. Results: The amount of total addition achieved depends on the diameter of the distancevision area. That is, the bigger the distance vision area, the bigger the radius of the lens in order to get the same level of addition. In other words, the XS lens provides higher addition values compared to the XL lens design for a given aperture. Conclusions: The XS and S designs seem to be aimed to favour near vision, whereas the L and XL designs seem to favour distance vision. For this reason, patients who demand good distance vision might benefit from the L or XL designs, and those with high demand on near-vision tasks might benefit from the XS or S designs. The M design could be the best option for those patients who have the same needs for distance and near vision.
In this regard, multifocal contact lenses (MCLs) are the preferred solution over other contact lens options. 2 Previous studies [3] [4] [5] have
reported that the performance of MCLs depends highly on the pupil size of the patient. Nevertheless, the pupil diameter has been reported to vary among patients within the same age range. 6 As a result, MCLs should be available not only with different additions but also with several sizes of the distance-and near-vision zones to achieve the most customised fit.
Up to the present day, there is a generation of MCLs with different designs that have a variable multifocal zone, presenting different proportions between distanceand near-vision zones to achieve a customised fit depending on the pupil diameter of the patient. These multifocal lenses present a centre-distance design, and are available with five different distance-zone diameters and two additions. The nominal distance-vision power and addition is the only information available regarding the optical power of MCLs. The power profile of MCLs has been demonstrated to report important information that could be used during the fitting process. 3, 4, [7] [8] [9] The aim of the present study was to describe the power profiles of the MCLs as a function of their distance-zone size and assess the effect of the pupil radius on the effective power profile. The results obtained in the current study might help clinicians to choose the lens design that optimises the distance/near vision for the pupil diameter of the patient and visual task requirements.
MATERIALS AND METHODS

Contact lenses
In this study, a recent set of MCLs with variable multifocal zone was analysed. These lenses are centre-distance rigid gas-permeable (RGP) lenses that are available with five distance-vision diameters (XS, S, M, L and XL) and two different additions: Type A (up to +2.00 D) and Type B (up to +2.50 D). 10 The multifocal zone is located on the front lens surface, so the posterior surface can be designed as a function of the corneal shape of the patient.
All the study lenses had the same total diameter (9.60 mm), power (−3.00 D) and material (Boston ES). These parameters were assumed within the tolerance limits stipulated in the ISO 18369-2:2012, for the proper functioning of contact lenses as optical devices. 11 In this study, one lens per each distance-vision diameter and addition was measured.
Optical device
The NIMO TR1504 device (Lambda-X, Nivelles, Belgium) was used to yield the power profile measurements. Figure 1 shows the configuration of this device and its main elements. This optical system is based on a quantitative deflectometry technique 12 that measures light deviations through a combination of the Schlieren principle with a phaseshifting method. That is, the device measures light deviations, from which it is possible to calculate the optical power and quality of contact lenses under testing. A backlight source emits green light at 546 nm. A detailed description of the method used to measure the lens power can be found elsewhere. 12, 13 The optical power can be obtained in terms of spherical, cylinder power with its axis, or the radial power profile. As has been reported, the reproducibility standard deviation to measure the optical power of monofocal lenses in this device is 0.05 D, 13 and the repeatability to measure the power profile of multifocal lenses is lower than 0.12 D. 14 
Power profile assessment
Before getting the measurements, each study lens was removed from its blister and cleaned with saline solution to remove all traces of the liquid in which it was immersed. After that, each one was immersed in the wet-cuvette ( Figure 1, panel A) , which was filled with the same saline solution used to clean them, with its posterior surface oriented downward. Once a lens was ready to be evaluated, a measurement of the power profile was taken with an optical aperture of 8.00 mm. After that, the cuvette and contact lens were removed and replaced in the device in order to obtain up to 10 independent measurements of the power profile. 15 The 10 power profile measurements were averaged to determine the mean power profile. This process was repeated for each of the study lenses.
Metrics used to describe the optical power distribution
The optical lens power distribution as a function of the aperture radius was described in terms of radial computed colour maps, radial averaged power profiles, addition and lens portion used for near vision.
The computed colour maps were generated as a surface of revolution from the power profile data of each lens provided by the NIMO device by a user script developed in MATLAB (v.2015a, MathWorks, Natick, Massachusetts, USA). A unique colour map scale was set to all maps for the different designs and addition types so that the power characteristics among them were easily visible.
The radial averaged power profiles were obtained as a function of the distance to the centre, in steps of 0.04 mm up to 3.85 mm. The data on these profiles correspond to the raw measurements taken by the device, which displays the radial power averaged on a circle as a function of the distance to the centre.
The addition along the optical zone was calculated as the subtraction of the power at each point of the power profile and the nominal power of the lenses (−3.0 D), from the centre in steps of 0.04 mm up to 3.85 mm. This criterion was selected in order to relativise and transform all the power profile measurements into an addition profile with respect to the same value instead of the central value, which is interpolated and not directly measured by the NIMO.
The last metric was calculated as the ratio between the near-distance vision for a radius up to 3.85 mm in steps of 0.04 mm. For this procedure, the distance vision radius was defined as that for which averaged dioptric power is the nominal power of the lens. The near zone was defined as the part for which averaged dioptric power is more positive than the nominal power of the lens.
RESULTS
Figures 2 and 3 show the colour radial power map along a diameter of 8.00 mm of the five different designs, for types A and B, respectively. These figures illustrate the differences among power zones for the different designs. Warm colours represent more positive powers, whereas cold ones represent more negative values. It can be Among the lower addition lenses, the optical power at the central area was around −3.25 D for all designs except the XS, the power of which was around −3.50 D (Figure 3 ). This pattern was found to be similar for the designs in the highest addition ( Figure 4 ). In addition, the design pairs XS and S showed similar peripheral curves for the Type A addition (Figure 4) , whereas the design pairs L and XL showed also similar power profiles toward the periphery for additions Type A and Type B (Figures 4 and 5) . From these figures, it can also be observed that further than approximately 1.0 mm from the centre and moving toward the periphery with higher aperture radii, the XS curves have more positive values than the XL designs.
Figures 6 and 7 illustrate the addition achieved as a function of the aperture for the additions Type A and Type B, respectively. On these graphs, the smaller the distance-vision area, the bigger addition within the same aperture. As a reminder, the addition was considered as the subtraction of the averaged power at each point of the power profile and the nominal power of the lenses (−3.00 D). As was expected, the XS design resulted with the highest addition values compared to the other designs within the same apertures. Generally, the smaller the distance-vision area, the smaller the aperture needed to obtain the addition and a higher power can be achieved. Also, the differences in the distance radius among lenses with different design (XS, S, M, L or XL) for both addition types can be observed. The radius can be easily identified as the point on the radius axis (distance from centre) at which each curve starts to increase its addition value. As an example, the XL designs have a distance diameter of approximately 5.50 mm, whereas the XS ones have a diameter around 3 mm. In other words, the XS and XL designs showed the smallest and largest aperture, respectively, needed to get into the near area.
Finally, Figures 8 and 9 display the proportion of the lens used for near vision as a function of the aperture for the Type A (lowest addition) and Type B (largest addition), respectively. Again as a reminder, the distance zone was defined as the lens radius of which averaged power is the nominal power of the lens. The near zone was defined as the lens radius of which averaged power is more positive than the nominal power of the lens. As was expected, the smaller the distance vision area, the larger near-vision zone for the same aperture. That is, the XS design showed the largest near-vision area and the XL showed the smallest near-vision area for the same aperture. It can be observed that at least more than 50 per cent of the XS and S designs is used for near-vision, about 40 per cent is used for near-vision for the M design, and less than 35 per cent is used for the L and XL designs. However, the L and XL designs showed similar near-vision areas for the same aperture.
DISCUSSION
Clinicians could benefit from the results obtained in the present study to select the most appropriate lens design that suits the pupil diameter of the patient and visual task requirements. Understanding the power distribution of MCL optical designs could increase the rates of successful fittings with this type of lenses.
The radial colour maps of each lens which are shown in Figure 2 (Type A) and Figure 3 (Type B) provide a straightforward view of the power profile pattern which could help practitioners to comprehend how much of the lens area is dedicated for each average power. As can be observed, the A addition type increases its power toward the periphery in a smoother way than the B type, which is more abrupt, indicating a higher increase of the addition. However, differences in the addition types are more easily visible for those designs of smaller distance vision areas. This is due to the fact that the wider the distance vision area, the smaller area is the area dedicated to near vision, so it is more difficult to achieve higher addition values.
As previous studies have pointed out, 3, 4, 16, 17 the power profiles report essential information, such as the power distribution as a function of the aperture, which clinicians could use to optimise the multifocal lens power selection. A first criterion to select the contact lens design could be the visual needs required for each patient with regard to distance and near vision. In addition to considering the visual needs of the patients, it should be noted that the design of these MCLs is highly pupil-dependent. This is why, during the fitting process, the pupil diameter should be measured at different illumination conditions and at different distances, which is not often used as a part of the fitting protocol. This, together with the knowledge on power profiles, would allow selection of the best design and fit for a given patient.
From the results of this study, it can be concluded that the XS and S designs are intended to enhance near vision, whereas the L and XL designs seem to enhance distance vision. Generally, patients who demand good distance vision might benefit from the L or XL designs, and those with high demand on near vision tasks might benefit from the XS or S designs. Additionally, the M design could be the best option for those patients who have the same needs for distance and near vision. However, the pupil size remains an important consideration in the lens selection. Those patients with larger pupils with high requirements on distance vision should receive L or XL designs. If near vision needs to be enhanced, lenses with reduced distance area should be considered. Because the pupil size adapts to lighting conditions, the main tasks of the patient also need to be considered.
Furthermore, although these results are useful to make a first decision on which lens to adjust, they also provide useful information that could be used as a guide to adjust and make changes during the fitting process. As an example, a patient wearing an A-S lens may need to be refitted with an alternative option because the visual outcomes at close distances are not optimal. One possibility could be to fit a higher addition type, maintaining its design (S). However, if this change results in a diminution of distance vision quality, one solution could be to increase the addition type as well as the distance optical diameter and select a B-M design. With this option, near vision would be improved but not as much as changing the addition type from A to B, depending on the visual demands for each distance. With all these possibilities, together with the information provided in this study, the final fitting should be easily achieved without many changes.
It should be noted that the power profile of the study lenses were obtained with the lenses perfectly centred. However, one-eye behaviour may differ from this. Factors such as the lens movement and decentration could also influence in visual performance. Indeed, the behaviour of these rigid MCLs is more affected by the translation than that of soft lenses, which makes the power distribution at the peripheral area especially significant. 18 This is why it is important to select the best distance-area and addition type, as well as achieving a good physical fit.
RGP lenses move more frequently on the corneal surface than soft lenses in order to preserve corneal physiological integrity, and to assure a good lacrimal fluid flow between the back surface of the lens and the cornea. 19 This means that the centre of the lens, which is intended for far vision, is more frequently displaced than with soft MCLs. Thus, the near vision area will not always contribute as demonstrated from the results for a perfectly centred lens. Indeed, the ideal position of the RGP lens for near vision is slightly decentred, because the lower lid pushes it up. This is why the near distance ratio seen in Figures 8 and 9 describes the behaviour of the lenses in vitro and in vivo for the distance primary position of gaze, but for the near position of gaze this ratio can be increased. Due to the importance of the lens movement in order to provide good vision at different distances, corneal topography should be added to the protocol in order to achieve an optimal visual performance with these types of lenses. 20, 21 The pupil-dependence of these types of lenses is not as high as that of soft lenses. This is due to the fact that rigid lenses will not require as large a pupil size as soft lenses in order to achieve a good performance at far and near distances, because the lower lid will push up the lens at reading position and it will cover a wider area of the pupil for near distance. For this reason, some patients may derive benefit from rigid lenses when their experience with soft MCLs is unsatisfactory, due to translation. A smaller dependence on the pupil size with RGP lenses involves a smaller dependence on lighting levels and a better performance throughout the day compared to soft MCLs. As an example, the XS or S designs would increase the ratio of near vision more significantly than the other designs, because their dedicated area for near distance is larger. This is because the push-up of the lower lids would make this area cover a larger part of the pupil. All this said, due to the translation and considering a given pupil size, the differences among the power profiles of these lenses do not require such abrupt changes between the distance and near areas.
The visual quality of the patients adapted with MCLs depends on some other parameters. A lens design can provide good vision quality in some given situations but not others, for example, at different illumination conditions. Additionally, a more global vision of the fitting can be achieved by taking into account binocular performance. In such cases, the possibility of fitting two different designs in each eye should be considered when the binocular performance is unsatisfactory.
A recent study assessed the visual performance in early presbyopes wearing different modalities of simultaneous image soft MCLs under difficult lighting conditions, including the effect of glare. 22 In this work, the authors analysed the impact on the performance of distance tasks in terms of visual acuity and contrast sensitivity. However, these lenses provided lower visual acuity and contrast sensitivity for high spatial frequencies than did monofocal contact lenses. The lenses used here, with different designs and centre-distance vision, may be less affected by difficult lighting conditions in which distance vision is required, such as night driving. That is, patients with high demands on distance vision under dim light conditions might benefit from the L or XL designs. The results of the study show that the pupil size of the patients, as well as their visual needs, are of crucial importance. Measurement of the pupil size at distance and near vision tasks is also important due to intersubject variations in pupil diameter of patients within the same age range and with the same refractive error. 6, 23 Visual requirements need to be considered when selecting the power profile of the multifocal lens. Further studies are required to assess the clinical performance of these lenses. 
